The aim of this study was to evaluate the phytotoxic activity of aqueous extracts from mature leaves, stem bark and roots of Drimys brasiliensis Miers on germination and initial seedling development of two target species, Triticum aestivum L. (wheat) and Raphanus sativus L. (radish). The aqueous extract was prepared in a proportion of 10 g of plant powder, dissolved in 100 mL of distilled water, resulting in a 10% extract concentrate. Dilutions were made with distilled water to 7.5; 5.0; 2.5% and 0% (control). Germination and seedling growth bioassays were carried out under controlled laboratory conditions. The different plant parts exerted inhibitory effects on germination and early growth of wheat and radish, however, the extract obtained from the leaves was more effective in inhibiting the germination of radish. All plant parts of D. brasiliensis may constitute a promising source in the search for compounds capable of acting as natural phytotoxins.
INTRODUCTION
During evolutionary history, plants have developed biosynthetic routes to synthesize and accumulate a wide variety of secondary metabolites; these routes respond to the characteristics of the environment where they occur (CALLAWAY, 2002) . Many of these natural products play an important role in the interaction between plants with their environment and in particular, with their biotic environment, where they may serve as attractants for pollinators or seed dispersers, as a defense against natural enemies, or as allelochemicals against other plant competitors ( KROYMANN, 2011) .
The discovery of special metabolites involved in allelopathic interactions may be an important source of new chemical structures that are useful for the production of molecules that can be used in the agrochemical industry (MACÍAS et al., 2008) . Many plant extracts or allelochemicals exhibit a wide spectrum of activity against pests and have long been touted as attractive alternatives to synthetic chemical pesticides for pest management because they pose little threat to the environment or to human health (KOUL; WALIA et al., 2009) . Additionally, allelochemicals degrade more rapidly and contain fewer halogen substituents than synthetic herbicides (FAROOQ et al., 2011) .
Allelochemicals are found in all plant organs including roots, rhizomes, leaves, bark and seeds. However, within a single species, the amount may vary among different plant parts, as noted by Gatti et al. (2010) in Aristolochia esperanzae O. Kuntze, by Souza-Filho et al. (2010) in three Copaiferae species, and by Wu et al. (2009) in Mikania micrantha. These compounds can be considered phytotoxic depending on their allelopathic action, bioactive concentration, persistence and form in which they are released in the environment (INDERJIT; DUKE, 2003) . When seeds of susceptible species are exposed to allelochemicals, germination can be inhibited; if this occurs, the seedlings may exhibit reductions in growth and development or abnormal metabolism. The most commonly observed effects are a delay in germination time, atrophy and thickened root, root growth reduction, primary or secondary root absence and hypocotyl growth reduction (GATTI et al., 2010; GUSMAN et al., 2011; GRISI et al., 2012; SILVESTRE et al., 2013 (EHRENDORFER et al., 1979; MELLO-SILVA, 2013) . In folk medicine, the genus Drimys is used as a stimulant and as a tonic, as analgesic and antiinflammatory agents, and to treat ulcers, diarrhea, cancer and infections of the respiratory tract (TRINTA; SANTOS, 1997) .
The species Drimys brasiliensis Miers is found in the Atlantic Forest and in gallery forests that extend into the Cerrado domain (EHRENDORFER et al., 1979; LORENZI, 2002) and its chemical composition and biological activity have been extensively investigated. In this species, sesquiterpene drimanes are predominant, including polygodial, 1-β-(p-methoxycinnamoyl)-polygodial and drimanial CECHINEL-FILHO et al., 1998; MALHEIROS et al., 2001; . These compounds exhibit antinociceptive (EL-SAYAH et al., 2000) , antihyperalgesic (MEN-DES et al., 1998 ), antifungal (MALHEIROS et al., 2005 , anti-inflammatory (LAGO et al., 2010) , antibacterial (SILVEIRA et al., 2012) , leishmanicidal and antimalarial activities (CORRÊA et al., 2011; CLAUDINO et al., 2013) . However, few studies have examined the phytotoxicity of D. brasiliensis on other plants.
In this context, the aim of this study was to evaluate the phytotoxic effects of different D. brasiliensis plant parts on the germination and early growth of some crop plants.
MATERIAL AND METHODS

Collection of plant material and preparation of extracts
Different plant parts of D. brasiliensis subsp. brasiliensis were collected from plants occurring in the reserve area of cerrado "sensu strictu" on the campus of São Carlos Federal University (UFSCar) in São Carlos-SP (22° 02' S and 47° 52' W), Brazil. A voucher specimen was deposited at the Herbarium of the Department of Botany of São Carlos Federal University under registration number HUFSCar 8339. Mature leaves, roots and stem bark were collected in August 2010.
After collection, the plant parts were dried in an oven equipped with forced air circulation at 40 °C for 72 h. Later, the plant parts were pulverized in an electric mill, weighed, vacuum packaged in plastic bags and stored at ± 4 °C. From the dry plant material (powder) prepared from the various plant parts, treatment extracts were produced by stirring the powder into distilled water (10% weight/volume, g mL -1 ). The extracts were left to stand in the dark for 24 h at 4 °C before vacuum filtration using an electric pump coupled to a Buchner funnel that was lined internally with filter paper (GATTI et al., 2004) . The resulting 10% extracts were diluted to concentrations of 10.0, 7.5, 5.0, 2.5 and 0% (control).
Phytotoxic effects were evaluated based on bioassay diaspore germination and early growth of seedlings. Wheat (Triticum aestivum L., BRS 264, Poaceae) and radish (Raphanus sativus L., variety Vip Crimson, Brassicaceae) were used as the target species.
Osmotic potential and pH of the extracts
The pH of the extracts was measured using an Analion pH meter, model PM608, and the molar concentration was measured using an automatic osmometer (µOsmotte, model 5004). The osmotic potentials of the most concentrated leaf, bark and root extracts (10%) were calculated.
Germination bioassay
Bioassay was conducted in 90-mm (diameter) Petri dishes containing two sheets of filter paper moistened with 5 mL of distilled water (control) or various concentrations of the extracts obtained from the powders of D. brasiliensis bark, roots and leaves. Each plate received 25 diaspores of the target species; four replicates were used for each extract, and the dishes were capped and sealed with plastic film. The experiment was conducted in a germination chamber at 25 °C under a photoperiod of 12 h light/12 h dark. The experimental design was completely randomized. The germination criterion was embryo protrusion and was evaluated every 12 h during the first seven days and at intervals of 24 h until germination was zero for three consecutive days. The germinability, mean germination time (MGT) and Maguire's Germination Speed Index (GSI) were calculated according to Ranal and Santana (2006) .
To assess the osmotic effect of the extracts, germination bioassays with wheat and radish diaspores were performed using solutions of polyethylene glycol 6000 (PEG 6000) to -0.26, -0.14 and -0.08 MPa, the same osmotic concentrations used to prepare 10% extracts of the leaf, stem and root of D. brasiliensis, respectively, according to Michel and Kaufmann (1973) ; the control was 0 MPa. The experiment was performed adopting the same methodology as that described for the germination bioassay.
Seedling growth bioassay
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diaspores were germinated in 15-mm Petri dishes containing filter paper moistened with distilled water. The plates were capped, wrapped with plastic film and placed in a germination chamber under the same conditions as those adopted for the germination bioassay. Seedlings with 3-mm (length) roots were selected and transferred to transparent plastic boxes (15 x 10 x 5 cm). The boxes were lined with two sheets of filter paper moistened with 8 mL of various concentrations of the extracts obtained from the D. brasiliensis plant parts and distilled water (control); 10 seedlings were transferred into each box, and four replications were performed for each treatment. The boxes were capped and maintained under the same conditions as those mentioned for the germination bioassay. After seven days, the shoot and primary root lengths of the seedlings were measured using a digital caliper.
Statistical Analysis
The data were subjected to normality (Shapiro-Wilk) and homogeneity (Levene) tests. When these two assumptions were met, an analysis of variance (ANOVA) was applied. The linear or quadratic regression models used were adjusted when the ANOVA F was significant. The goodness of the models was tested at 0.05 significance and was evaluated based on the coefficient of determination (R 2 ). For the variables that showed no significant differences between treatments, means are presented in the figures together with their standard deviations. To compare the effects caused by the various plant parts of D. brasiliensis, conjoint analysis was performed for the characteristics in which the ratio between the larger and smaller residual mean square was not greater than 7 (PIMENTEL-GOMES, 1990).
RESULTS AND DISCUSSION
The different plant parts of D. brasiliensis inhibited wheat and radish. When treated with aqueous leaf extracts, the germination and early growth of both species were inhibited. The germination of the wheat caryopses was linearly reduced by 1.16% for each 0.01 g mL -1 of leaf extract added, and radish germination was completely inhibited by the 10% solution ( Figure  1A ). The mean germination time of radish seeds was maximal (80.88 h) using the 10% solution, and the germination speed was zero at the estimated concentration of 8.23%. For wheat caryopses, the mean germination time (1.647 h) increased linearly; consequently, a linear reduction in the germination speed (0.029 seed h -1 ) was observed for each addition of 0.01 g mL -1 of leaf extract ( Figure 1B  and 1C) . The minimum values of early root growth in wheat (42 mm) and radish (28 mm) were observed when using estimated concentrations of 7.60 and 8.5%, respectively ( Figure 1D ). The early shoot growth of radish decreased linearly by 1.34 mm for each 0.01 g mL -1 of leaf extract added. For wheat, the shortest length (9 mm) was observed when using an estimated concentration of 7.36% ( Figure 1E ).
Similar results were obtained for the germination and early growth inhibition of radish using aqueous leaf extracts of Andira humilis (PERIOTTO et al., 2004) , Cyperus rotundus (ANDRADE et al., 2009) and Solanum americanum (BORELLA et al., 2012) . Wheat caryopses treated with aqueous leaf extracts of Fumaria indica and Polygonum plebejum also exhibited inhibited germination and seedling growth (ULLAH et al., 2013) . In contrast, treatment with leaf extracts of Jatropha curcas (REICHEL et al., 2013) and Euphorbia dracunculoides (TANVEER et al., 2012) affected the growth of wheat but did not affect germination. All plants produced secondary metabolites, but these differed in quality and quantity among species. Tolerance or resistance to these compounds can also be specific, as species are more sensitive than others (FERREIRA; ÁQUILA, 2000) .
The aqueous stem bark extracts of D. brasiliensis also significantly inhibited the evaluated parameters in wheat and radish. There was a linear reduction in germination (1.08% and 2.28% for each addition of 0.01 g mL -1 of extract in wheat and radish, respectively) and a linear increase in the mean germination time (1.91 and 2.37 hours for each addition of 0.01 g mL -1 of extract in wheat and radish, respectively) ( The germination speed index of wheat caryopses decreased linearly by 0.021 seed hour -1 for each 0.01 g mL -1 of extract added. In radish seeds, the minimum value of 0.43 seed hour -1 was achieved when treating with 10% extract ( Figure  3C ). The minimum values of early root growth in wheat (9.61 mm) and radish (12.03 mm) were observed when using estimated concentrations of 7.9 and 12.03%, respectively ( Figure 2D ). Treatment with stem bark extract did not significantly affect the growth of radish shoots but did affect wheat: shorter roots (21.88 mm) were observed when treating with an estimated concentration of 9.15% ( Figure 2E) .
The stem bark of D. brasiliensis is of great ethnobotanical value in Brazil because it is used as a medicinal plant with antifungal, antibacterial, antiinflammatory and antiallergic properties to treat pain and malaria, and many scientific studies have demonstrated these properties (CECHINEL-FILHO et al., 1998; MALHEIROS et al., 2001; SILVEIRA et al., 2012; CLAUDINO et al., 2013) . Moreover, several sesquiterpene compounds that are related to these medicinal properties have been isolated from the stem bark of this species (MALHEIROS et al., 2001) ; these compounds might also play a role in the phytotoxic effects observed for this species, since in this study we observed the phytotoxic effects on the germination and early growth of wheat and radish. Extracts derived from the stem bark of plants constitute an important source of allelopathic substances that inhibit the early growth of lettuce seedlings (VIRTUOSO; MIGUEL, 2005) and also been used for weed control ALVES, 2000) .
The aqueous root extracts of D. brasiliensis also showed phytotoxic effects on wheat and radish as reflected in most of the variables studied. There was a linear decrease in radish germination (2.6% for each 0.01 g mL -1 of extract added), but no significant effect on wheat caryopses was recorded ( Figure 3A) . A linear increase in mean germination time was recorded for both species (1.11 and 1.52 hours for each 0.01 g mL -1 of extract for wheat and radish, respectively) ( Figure 3B ).
♦ radish ('y)
□ wheat (y) increase in extract concentration; however, the germination speed for wheat caryopses was not affected by the extract ( Figure 3C ). The early root growth of both species was strongly inhibited by the root extract. The wheat root length was minimal (10.09 mm) when using an estimated concentration of 7.68%, and the root length of radish (5.6 mm) was minimal at an estimated concentration of 8.49% ( Figure 3D ). Regarding shoot growth, only wheat was affected by the root extract; the minimum value of this parameter (20.42 mm) was observed when using an estimated concentration of 8.10% ( Figure  3E ). Plant roots exude a complex variety of low molecular weight compounds to the environment. Some of the most complex physical, chemical and biological interactions experienced by land plants occur between their roots and the immediate soil environment (i.e., the rhizosphere) (BAIS et al., 2006) . The biological role of exudates may be the key to understanding population dynamics and the role of allelopathy in this process (OLIVEROS-BASTIDAS et al., 2009) .
Root extracts might possess many inhibitory substances because roots are the main entry point of nutrients and water; because roots grow in the soil, they are more susceptible to attack by microorganisms and allelochemicals from neighboring plants (REZENDE et al., 2011) . Due to the specificity of producing metabolites that are exudated directly in the environment, many compounds with relevant biological activities have been located almost exclusively in roots (OLIVEROS-BASTIDAS et al., 2009 ). Extracts and allelopathic phytotoxins obtained from roots have been reported to interfere in several plant development processes, including germination (SANTOS et al., 2007) , root and shoot growth, normal seedling rate (LIU et al., 2011; GRISI et al., 2013) , metaxylem cell growth (GATTI et al., 2010) , photosynthesis, respiration and membrane transport (DAYAN et al., 2009) literature, suggesting a need for further investigation of the phytotoxic properties of roots. The results obtained for extracts of the different D. brasiliensis plant parts were compared using a joint analysis. Extracts of all plant parts exerted similar inhibitory effects on the germination and mean germination time of wheat, and no significant differences were observed between the extracts. However, the aqueous leaf extract of D. brasiliensis increased the mean germination time and reduced the germination rates of radish seeds, demonstrating that this extract inhibited the germination process of this species more effectively than the other plant parts evaluated ( Figure 4A and 4B) . Extracts of all plant parts were equally effective in inhibiting root growth in the two species tested ( Figure 4C ).
Secondary metabolites with phytotoxic activity are produced and located in several plant organs, including leaves, stems, bark, roots and fruits. However, the amounts differ among plant organs (PARVEZ et al., 2004; WESTON; DUKE, 2003) . In this study, extracts of the leaves, stem bark and roots of D. brasiliensis exhibited phytotoxic effects on the two species tested. Several studies have shown that extracts obtained from various plant parts with allelopathic potential are able to suppress the germination or growth of treated plants. Sodaeizadeh et al. (2009) observed that all parts of Pegamum harmala showed phytotoxic effects on the germination and growth of weeds. Similarly, extracts of the leaves, bark and pods of Caesalpinia ferrea exert allelopathic activity on the development of lettuce seedlings (OLIVEIRA et al., 2012) . However, aqueous extracts Mikania micrantha leaves exhibited greater phytotoxic effects than root extracts on the germination and shoot growth of woody species, whereas the aqueous root extracts affected the root growth of these species to a greater extent (WU et al., 2009) .
In the present study, aqueous leaf extracts of D. brasiliensis inhibited radish germination more effectively than extracts of other plant parts; however, the same effect was not observed on wheat germination ( Figure 4A and 4B) . The differential sensitivity of these species to the effects of inhibitory substances depend on the mechanisms of physiological and biochemical resistance to these compounds that are specific for each target species and that result from evolutionary differences (HUNTER; MANGERS, 2002; KOBAYASHI, 2004) . Allelopathic compounds that exhibit negative effects on the development of target plants at certain concentrations can cause less or no inhibition of the development of another species (XUAN et al., 2005) . In the present study, the greater allelopathic activity of D. brasiliensis leaves on radish may be due to differences in the concentration of allelochemicals or to differences in the chemical composition of the leaves and other plant parts of D. brasiliensis.
However, the isolation and characterization of the allelopathic compounds present in the leaves, stem and roots of D. brasiliensis is needed to clarify the observed results.
The aqueous leaf, bark and root extracts had pH values of 4.18, 4.33 and 4.78, respectively. Whereas germination and seedling growth are adversely affected by acidity or alkalinity extremes (GATTI et al., 2004) , the pH of the D. brasiliensis plant part extracts most likely did not affect the characteristics evaluated. The osmotic potential values of the aqueous leaf, bark and root extracts were -0.25, -0.14 and -0.08 MPa, respectively. The radish germination rates in PEG-6000 solutions with these osmotic potentials were 90, 86 and 88%, respectively and the wheat germination rates were 90, 92 and 90%, respectively. These data did not differ from those obtained for the control group evaluated for each target species tested. Because the osmotic potentials of the extracts did not interfere with the germination of these species, the observed inhibitory effects on germination are attributable to the presence of allelopathic phytotoxins in the different plant extracts of D. brasiliensis. Drimane sesquiterpenes, aromatic dendrane-type sesquiterpenes, monoterpenes and flavonoids have been reported as secondary metabolites in the leaves and stem bark of D. brasiliensis (MECCHI; LAGO et al., 2013; SILVEIRA et al., 2012; LAGO et al., 2010; MALHEIROS et al., 2005) and might be involved in the phytotoxic activity observed. Further studies are needed to carry out to isolate and identify the secondary metabolites present in the different plant parts of D. brasiliensis and to confirm their phytotoxic properties. Such information could be used to develop environmentally friendly products for use as a strategic alternative, especially for weed control.
CONCLUSIONS
Extracts of the studied plant parts of D. brasiliensis exerted inhibitory effects on the germination and early growth processes of wheat and radish, and leaf extracts inhibited the germination of radish more effectively than the other extracts.
All of the studied D. brasiliensis plant parts constitute a promising source in search of phytotoxic compounds. 930 Phytotoxic activity… ANESE, S. et al.
